To investigate the influence of a family history of essential hypertension on abnormalities of red ceil membrane sodium transport, 28 hypertensive children and their families were studied. In 15 families one or both parents had either essential hypertension or a strong family history. In 13 families neither parent had essential hypertension or a positive family history. There were significant differences between the children with a positive family history of essential hypertension compared with those without. Values are expressed as mean (SD): intracellular sodium concentration (mmol/l cells) 8-19 (2-18) compared with 6-41 (0.98); sodium efflux rate constant 0-4873 (0.1379) compared with 0-5831 (0-1104); and numbers of sodium-potassium ATPase pump sites (BMax) (nmol/l cells) 7-96 (1.71) compared with 9*56 (1-7). Significant differences were also found when the index hypertensive children were excluded and the normotensive siblings with and without hypertensive family histories were compared. These data suggest that abnormal red cell membrane sodium transport has a familial component, and although it is not caused by the hypertension it may be the earliest pathophysiological step in its development, perhaps allowing the identification of children at risk of essential hypertension.
Essential (primary) hypertension is an important cause of morbidity and mortality among adults, and probably has its origins in childhood. As yet, however, we do not have a means of identifying children at risk of developing it. Despite extensive research the aetiology of essential hypertension is still unclear, although many different mechanisms have been sugges- ted. An understanding of the pathophysiological mechanisms of the development of essential hypertension, and the detection of those children who are at risk, may give us the opportunity to alter the natural history of the disease.
During recent years it has increasingly been realised that a disturbance of the transmembrane distribution of ions is a feature of hypertension in man. In particular, abnormalities of sodium transport across cell membranes have been extensively reported. Since Losse et al in 1960 first described raised intracellular sodium concentration in the red blood cells of adults with essential hypertension,l abnormalities in other cells not directly concerned in pressure regulation (such as polymorphonuclear leucocytes and lymphocytes) have been reported,2 3 as have abnormalities in cells that are more directly concerned such as the smooth muscle cells of resistance vessels.4 Sodium transport across red blood cell membranes occurs primarily by four mechanisms to maintain the intracellular sodium concentration: the sodium-potassium ATPase dependent pump, sodium-potassium cotransport, sodiumsodium (measured as sodium-lithium) countertransport, and passive sodium diffusion. Passive diffusion of sodium occurs across the membrane along a concentration gradient. Abnormalities of the three other pathways have all been reported in essential hypertension.
Activity of the sodium-lithium countertransport pathway is increased in essential hypertension,5 but because in man this pathway exchanges a single external sodium ion for a single internal sodium ion-and therefore will not result in any net change in intracellular sodium concentration-it seems unlikely that the pathway is of pathophysiological importance.
Activity of the sodium-potassium cotransport pathway is decreased in patients with essential hypertension.6 The pathway normally lies dormant in the cell membrane, however, unless intracellular sodium concentration rises above a critical point at which time the sodium pump is being maximally stimulated and the sodiumpotassium cotransport system is acting as a supporting mechanism for sodium extrusion. It is therefore unlikely that this pathway has any pathophysiological importance.
The sodium-potassium ATPase pump has been widely studied in essential hypertension, and we have chosen to study this pathway by measurement of the intracellular sodium concentration, the sodium efflux rate constant, and the number of sodium-potassium ATPase dependent pump sites. We have previously described abnormalities of these three measures of sodium transport in children with essential hypertension compared with normal children, and with children with secondary forms of hypertension.' The children with essential hypertension had raised intracellular sodium concentrations, lowered sodium efflux rate constants, and decreased numbers of sodiumpotassium ATPase dependent pump sites compared with the normal children and those with secondary hypertension. There was, however, some degree of overlap of values among these three groups. It is unclear whether these abnormalities are important in the development of essential hypertension, or whether they are genetic markers. To study these abnormalities further and investigate the influence of a family history of hypertension we have therefore studied families with and without a history of hypertension.
Subjects and methods
We studied 28 families consisting of the parents and siblings of 28 children who presented for the investigation of mild to moderate hypertension. Of these index 28 children, 15 were subsequently found to have secondary forms of hypertension and 13 had essential or labile hypertension.
The 28 families were divided into two groups. Families in which one or other of the parents bed by Uchiyama et al.' All red cell membrane sodium transport assays were carried out within eight hours of venesection. Results were expressed as mean (SD) and analysis was by the unpaired Student's t test. A probability of <0-05 was accepted as significant.
Results
Parents who were hypertensive were compared with those who were normotensive (table 2). The hypertensive parents had significantly increased intracellular sodium concentrations, low sodium efflux rate constants, and decreased numbers of sodium/potassium ATPase dependent pump sites.
Children in the 'positive family history' group did not differ significantly from the children in the 'negative family history' group in age, blood pressure, or sodium excretion (table 1) .
Children with a family history of hypertension differed significantly from those without a family history of hypertension terms of their mean (SD) intracellular sodium concentration (mmol/l cells): 8-19 (2-18) compared with 6-41 (0-98) (p<0-001); sodium efflux rate constant: 0-4873 (0-1379) compared with 0-5831 (0-1104) (p<0-01); and numbers of sodium/potassium ATPase dependent pump sites (BMax) (nmol/l cells): 7-96 (1-71) compared with 9-56 (1-7) (p<0-001) (fig 1) . These data include those of the 28 index hypertensive children. To find out if the results were being influenced by blood pressure the results were reanalysed excluding the data from the 28 index hypertensive children, and comparing the normotensive siblings with a positive family history with the normotensive siblings with a negative family history; significant differences were still found ( fig  2) . Siblings with a positive family history had significantly increased intracellular sodium concentrations (mmol/l cells):8-7 (2-3) compared with 6-37 (1-09) (p<0-005), low sodium efflux rate constants:0 4356 (0-0970) compared with 0-5691 (0-1092) (p<0-005), and decreased numbers of sodium/potassium ATPase dependent pump sites (BMax) (nmol/l cells):7-65 (1-45) compared with 9-79 (1-82) (p<0-005).
Discussion
These results show that a family history of hypertension significantly influences sodium handling by red blood cells. Children-both hypertensive and normotensive-who had a positive family history of hypertension had raised intracellular sodium concentrations, low sodium efflux rate constants, and decreased numbers of sodiumpotassium ATPase pump sites as measured by Bmax when compared with children with a negative hypertensive family history.
The abnormalities of red cell membrane sodium transport were not secondary to hypertension, abnormalities being present in the normotensive siblings of our index hypertensive children, and there was no correlation between systolic or diastolic blood pressure SD scores and any of the measures of sodium transport.
Both genetic and environmental factors play a part in the pathogenesis of essential hypertension, but so far no single underlying mechanism has been identified to explain the excessive rises in blood pressure. Blaustein hypothesised that changes in cell membranes as a result of genetic or environmental factors, or both, may account for the changes in sodium fluxes seen in essential hypertension, and that the accumulation of intracellular sodium in the smooth muscle cells of resistance vessels that results from altered sodium transport interferes with sodium-calcium exchange at the cell membrane. This causes a rise in free intracellular calcium and hence an increase in smooth muscle tone and contractility,'0 and could O 
The familial aggregation of blood presure has been well described, and the role of heredity in its transmission has been suggested, blood pressure aggregation being the result of both a genetic component and shared environmental factors. 11-13 Studies in twins have shown that a monozygotic twin of a hypertensive subject has a substantially greater risk of being hypertensive than a dizygotic twin again suggesting an important role for heredity in the aetiology of blood pressure.'4 15 In the Montreal adoption study it was estimated that a genetic component accounted for 30% of variability in blood pressure, and that the effect of environmental factors increased with the length of cohabitation. 16 Many reports have shown that essential hypertension is more common among the relatives of hypertensive than among normotensive subjects. The risk of a child becoming hypertensive increases if both parents have essential hypertension. 17 Some studies of abnormalities of cellular sodium transport have shown familial aggregation,1820
but some have shown no relationship between family history of essential hypertension and measures of sodium transport.2' These studies used different methods, and investigated other pathways of active sodium transport across the red cell membrane; they did not investigate the activity of the sodium-potassium ATPase dependent pump. The 'children' of hypertensive parents in these studies were also older than the children that we studied, and in many of the studies the children had already developed significantly higher mean blood pressures than the control groups. Svensson and Sigstrom studied sodium pump activity in the children of hypertensive mothers.2 They compared children whose mothers had sustained hypertension after being hypertensive during pregnancy, children whose mothers were normotensive after being hypertensive during pregnancy, and a control group of children with normotensive mothers. They found no differences in intracellular sodium concentrations among their groups, but the children of hypertensive mothers had lower pump activity, although this was not significantly different from the children of normotensive mothers or the control group of children. Although they did not find a correlation between sodium pump activity and blood pressure, the children of the hypertensive mothers had higher blood pressures than their control groups.
Cooper et al investigated high school children aged 15-18 years and found significant differences in sodium pump activity between children with and without a family history of hypertension. Children with a positive family history, however, also had significantly raised diastolic blood pressures.23
Mongeau studied the cotransport and countertransport pathways in children, but did not find any association between a decrease in cotransport activity and a family history of hypertension. He did find, however, that an increased countertransport was associated with a familial tendency to hypertension. 24 The abnormalities that we found are not automatically associated with increased blood pressure, and are not apparently caused by hypertension as shown by the normal results in children with secondary hypertension. They may, however, be the earliest detectable pathophysiological step in the development of raised blood pressure, and hence have some causative role. Alternatively they may just be markers, permitting the identification of children who are at risk of developing essential hypertension.
Given the large overlap in values in this study, the findings do not support the hypothesis of a monogenetic inheritance of sodium transport defects. Long term studies are required to find out if those children who have abnormal sodium transport are the hypertensive adults of the future and what environmental factors also play a part in the development of increased blood pressure. 
